Abstract -The formation of iron oxides by surface oxidation of iron plates between 400 and 800 °C for different times was monitored. Delamination of iron plates was noticed at temperatures above 500 °C. The pattern morphology was dependent on the temperature of oxidation and very little on time of oxidation. Outer layers of the grown oxide consisted of hematite whereas inner layers consisted of magnetite. The surface grown oxide, formed at 800 °C consisted of wüstite (dominant), hematite and subtstoichiometric magnetite (Fe 3-x O 4 ).
INTRODUCTION
Iron oxides are typical products of the oxidation of iron (steel) at high temperatures. The type of atmosphere as well as the presence of alloying elements influences the phase composition and the microstructure of the grown surface layers. The investigation of the oxidation of pure iron (steel) at high temperatures is important from both the academic and technological point of view, since it represents a controlled model system which may give us the information how the oxidation process proceeds and how this material might perform in real applications at similar conditions. The grown layers at the surface of iron (steel) are not easy to analyze due to their complex phase composition, nonstoichiometry and/or very small particles. For this reason, different experimental techniques are needed for the characterization of grown layer at the surface of iron (steel).
In the present work we have monitored the oxidation of iron in air at high temperatures. The grown layers were characterized with XRD, Raman and Mössbauer spectroscopic methods, as well as with FE-SEM + EDS.
II. EXPERIMENTAL
Iron sheets (99.8% purity), 1 mm thick, were supplied by NEWMET KOCH, UK, and used as received. They were cut in smaller plates, cleaned with acetone and then heated in laboratory furnace at predetermined temperatures. The selected samples were analyzed using the following instrumentation.
X-ray diffraction (XRD) patterns were recorded at 20 °C using the APD 2000 X-ray powder diffractometer with Cu KĮ (Ȝ = 1.54059 Å) radiation (40 kV and 30 mA conditions), graphite monochromator and NaI-Tl detector, manufactured by ItalStructures. The Raman spectra were recorded using Horiba Jobin Yvon T6400 Raman spectrometer. The 514.5 nm argon laser beam was used. Mössbauer spectrometer by WISSEL configuration and MossWinn program were used. The velocity scale and all the data refer to the Į-Fe absorber at 20 °C. The samples were examined using a thermal field emission scanning electron microscope (FE-SEM, model JSM-7000F), manufactured by JEOL Ltd. An energy dispersive x-ray spectrometer, EDS/INCA 350 manufactured by Oxford Instruments Ltd. coupled with FE-SEM was used to determine the chemical composition of the samples examined.
III. RESULTS AND DISCUSSION
In dependence on the conditions of heating of iron plates a different microstructures of grown layers were obtained. Figure 1 . shows microstructures obtained upon heating of iron plates at 400, 500 and 800 °C, respectively. Outer layer showed petals-like particles for the samples heated at 400 and 500 °C (Figure 1a and 1b) .
With increase of heating temperature up to 500 °C, (Figure 1b ) the particles morphology slightly changed resulting in the formation of the petals-like particles bigger in size. The growth of the particles in one direction was observed while there were little changes in the particles thickness (nanosize). The characteristic X-ray diffraction pattern of the grown layer obtained at 400 °C for 96 h is shown in Figure 2 , which shows the presence of magnetite and small amount of hematite. The outer hematite layer is significantly thinner then inner magnetite layer.
Mössbauer spectrum (20 °C) of the scraped layer formed at 800 °C for 24 h is shown in Figure 3 . This spectrum is deconvoluted taking into account the superposition of one central quadrupole doublet and three magnetic splitting components. The corresponding Mössbauer parameters and identification of the phases are given in Table I .
Raman spectroscopy is very useful technique in the surface analysis of many materials. These Raman active bands are in good agreement with literature data [1] . The shape and location of Raman bands depend on the size of particles as shown on example of zinc oxide [2] . Also, it was found that profile of Raman spectrum of hematite depends strongly on the excitation radiation lines of the laser beam [3] .
A significant discrepancy between XRD and Raman spectrum analysis of the same sample can clearly be explained, considering the fact that the XRD, due to the very short wavelength but powerful beam penetrates much deeper into the sample, unlike laser excitation beam used in Raman spectroscopy which truly is a surface analysis technique.
